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(54) Illumination device, liquid crystal device, and electronic apparatus 



(57) With regard to light emitted from point-shaped 
light sources, the invention seeks to solve locally high 
luminance near the point-shaped light sources, while 
preventing overall decrease in luminance at the light- 
emitting face of a light guide member. An illumination 
device 3 having a light source 42 for generating light, 
and a light guide member 39 which receives light from 
the light source 42 at a light input face 39a and emits 
light from a light emitting face. An optical pattern with 
continuous prism faces 61 and flat faces 62 is provided 
to the light input face 39a. Light emitted from the light 
source 42 is diffused in the plane direction by the optical 
pattern : so there is no occurrence of locally-high-lumi- 
nance areas nearthe LEDs 42 in the light guide member 
39. Moreover the luminance of the light emitted in a pla- 
nar manner from the light-emitting face does not de- 
crease. 
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Description 



[0001] The present invention relates to an illumination 
device for generating light, a liquid crystal device con- 
figured using the illumination device, and an electronic 
apparatus configured using the liquid crystal device. 
[0002] Currently, liquid crystal devices are widely 
used in cellular phones, portable information terminals, 
digital cameras, video camcorders, and other such elec- 
tronic equipment. In many cases, the liquid crystal de- 
vices are used as display units for displaying images 
such as characters, numbers, shapes, and so forth. 
[0003] Generally, with liquid crystal devices, the ori- 
entation of liquid crystal molecules within the liquid crys- 
tal layer is controlled for each display dot by controlling 
the voltage applied to the liquid crystal for each display 
dot. 

[0004] The light passing through the liquid crystal lay- 
er is modulated by the orientation control of the liquid 
crystal molecules, thus displaying images such as char- 
acters or the like. 

[0005] Note that display dots are a great number of 
the smallest display unit making up the effective display 
area of a liquid crystal panel, and in the event of per- 
forming full-color display by mixing the three primary 
colors of R. G : and B : for example, one display unit for 
each color is a display dot, and the display dots of the 
three colors collectively form one pixel. Also, in the event 
of monochrome display one display unit is a display dot, 
and the display dot itself makes up one pixel. 
[0006] There are two types of the above-described liq- 
uid crystal device, reflective liquid crystal devices and 
transmissive liquid crystal devices, depending on how 
light is supplied to the liquid crystal layer. Reflective liq- 
uid crystal devices supply external light such as sunlight 
or room light or the like to the liquid crystal layer by re- 
flecting the light behind the liquid crystal layer. 
[0007] Also, transmissive liquid crystal devices have 
an illumination device disposed behind the liquid crystal 
layer, and supply light generated at the illumination de- 
vice to the liquid crystal layer. Also, currently, so-called 
transflective liquid crystal devices are known, which use 
both the reflective display method and the transmissive 
display method. 

[0008] An example of a conventional illumination de- 
vice is an illumination device shown in Fig. 11(a), com- 
prising one or multiple point-shaped light sources 152 
facing the light input face 1 51 a of a light guide plate 151, 
which has a plate shape with the plate thickness direc- 
tion in the vertical direction of the drawing. With this il- 
lumination device, the light emitted in point fashion from 
the light sources 1 52 passes through the light input face 
151a and is guided into the light guide plate 151, and 
then emitted in plane form from the light emitting face 
151b of the light guide member 151 (see patent litera- 
ture 1, for example). 

[0009] However, with this conventional illumination 
device, there have been cases wherein the luminance 



of the areas A near the individual light sources 152 of 
the light guide member 151 is locally high, so that the 
areas A are recognized by an observer to be excessively 
bright. In the present specification, areas where the lu- 
5 minance becomes locally high will be referred to as lo- 
cally-high-luminance areas. Normally, the areas A often 
have a shape close to that of a circle, and accordingly, 
the areas A are sometimes called eye forming areas. 
[0010] In order to prevent such locally-high-iumi- 
w nance areas A from occurring, conventional arrange- 
ments are known wherein arc-shaped notches 153, 
which are so-called R shapes, are provided on the light 
input face 151 a of the light guide member 151 facing 
each light source 1 52, as shown in Fig. 1 1 (b). As shown 
15 in Fig. 1 2(c). a configuration is also known for the light 
guide member 1 51 wherein the distance L between the 
plane-formed effective light-emitting area W and the 
light sources 152 is set so as to be long, so that the lo- 
cally-high-luminance areas A are not conspicuous with- 
20 in the effective light emitting area W. Further, as shown 
in Fig. 12(d), providing a diffusing sheet 154 with a high 
Haze value, i.e., a high degree of light diffusion, to the 
light emitting face 151b of the light guide member 151 , 
is also known. 

25 

Patent Literature 1 



Japanese Laid-Open Patent Application Publication No. 
Hei1 0-2604 (Page 3, Fig. 1) 
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[0011] However, neither the configuration wherein 
arc-shaped notches 153 are provided on the light input 
face 151 a of the light guide member 151 as shown in 
Fig. 1 1 (b), the configuration wherein the distance L be- 
35 tween the effective light emitting area W and the light 
sources 1 52 is set so as to be long as shown in Fig. 12 
(c), nor even the configuration wherein a diffusing sheet 
154 is provided as shown in Fig. 12(d), enable the lo- 
cally-high-luminance areas A to be completely eliminat- 
40 ed. 

[0012] The present invention has been made in light 
of the above problems, and it is an object thereof to mit- 
igate the problem wherein the luminance locally be- 
comes bright near the point-shaped light sources with 
45 regard to the light emitted from point-shaped light sourc- 
es. 

(1 ) To achieve the above object, an illumination de- 
vice according to the present invention comprises: 

so a light source for generating light; and a light guide 
member wherein light from the light source is re- 
ceived at a light input face and emitted from a light 
emitting face, wherein the light input face has 
formed thereupon an optical pattern of continuous 

55 prism faces and flat faces. 

According to this illumination device, the light 
input face is neither a simple flat face nor a simple 
continuation of prism faces, but rather a face of con- 
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tinuous prism faces and flat faces, so light which 
has entered the light input face is sufficiently dif- 
fused, and particularly is sufficiently diffused in the 
planar direction of the light guide member. Accord- 
ingly, occurrence of locally-high-luminance areas at 5 
parts of the light guide member near the light sourc- 
es can be prevented in a sure manner. 

Also, while a continuation of prism faces alone 
may lead to reduction in luminance of light emitted 
from the light guide member and the display screen 10 
becoming dark, but a continuation of prism faces 
and flat faces prevents deterioration in luminance 
and realize a bright display. 

(2) With the illumination device configured as de- 
scribed above, the prism faces may be formed to *5 
linearly extend in the thickness direction of the light 
guide, i.e., in the orthogonal directions against the 
planar directions, with the cross-sectional form 
thereof being triangular protrusions or recesses. 
Thus, light entering the light input face of the light 20 
guide member can be sufficiently diffused in the pla- 
nar direction of the light guide member. 

(3) With the illumination device configured as de- 
scribed above, the prism faces may be formed to 
linearly extend in the thickness direction of the light 25 
guide, i.e., in the orthogonal directions against the 
planar directions, with the cross-sectional form 
thereof being protrusions or recesses of a right tri- 
angle shape with the light input face as the base 
thereof. Thus, light entering the light input face of 30 
the light guide member can be sufficiently diffused 

in the planar direction of the light guide member. 

(4) With the illumination device configured as de- 
scribed above, the prism faces may be formed to 
linearly extend in the thickness direction of the light 35 
guide, i.e., in the orthogonal directions against the 
planar directions, with the cross-sectional form 
thereof being protrusions or recesses of shapes 
with an isosceles triangle shape which is more 
acute than an equilateral triangle. Thus, light enter- 40 
ing the light input face of the light guide membercan 

be sufficiently diffused in the planar direction of the 
light guide member. 

(5) With the illumination device configured as de- 
scribed above, the width of the prism faces is pref- *5 
erably generally equal over the entire area of the 
light guide member in the thickness direction of the 
light guide member. An arrangement wherein prism 
faces are not provided over the entire area of the 
light guide member in the thickness direction there- so 
of but rather partially provided over the light guide 
member in the thickness direction might be con- 
ceived. Also, an arrangement wherein the width of 

the prism faces changes along the thickness direc- 
tion of the light guide member might be conceived. 55 
However, in these cases, the effects of suppressing 
occurrence of locally-high-luminance areas might 
be insufficient. Conversely, setting the width of the 



prism faces so as to be generally equal over the en- 
tire area of the light guide member in the thickness 
direction allows occurrence of locally-high-lumi- 
nance areas to be prevented in a sure manner. Also, 
forming width of the prism faces so as to be equal 
overthe entire area of the light guide member in the 
thickness direction makes manufacturing extremely 
easy. 

(6) With the illumination device configured as de- 
scribed above, the height or depth of the prism fac- 
es is 10 tb~50 urn, preferably 0.02 to 0.03 mm, the 
vertical angle of the prism faces is 80 to 120°, and 
the pitch of the prisms is preferably 100 to 300 u.m. 
Thus, occurrence of locally-high-luminance areas 
can be prevented in a sure manner, and moreover, 
luminance of the emitted light can be maintained at 
a high level. 

(7) With the illumination device configured as de- 
scribed above, a plurality of dot patterns for adjust- 
ing the refractive index of light are preferably formed 
on the light emitting face of the light guide member 
and/or the reverse face thereof, wherein, of these 
dot patterns, the width of the dot patterns formed 
closest to the light input face is smaller than the 
length of the base of the prism faces. Thus, the de- 
gree of involvement of light entering the light guide 
member through the light input face in the occur- 
rence of locally-high-luminance areas can be sup- 
pressed. 

(8) With the illumination device configured as de- 
scribed above, a plurality of stripe patterns for ad- 
justing the refractive index of light may be formed 
on the light emitting face of the light guide member 
and/or the reverse face thereof. According to exper- 
iments performed by the present Inventor, forming 
prism faces on the light input face of a light guide 
member upon which stripe patterns have been 
formed is more effective in suppressing occurrence 
of locally-high-luminance areas than forming prism 
faces on the light input face of a light guide member 
upon which dot patterns have been formed. 

(9) Next, the illumination device according to the 
present invention comprises: a light source for gen- 
erating light; a board for supporting the light source; 
and a light guide member wherein lightfrom the light 
source is received at a light input face and emitted 
from a light emitting face, wherein an optical area 
for suppressing the luminance of a locally high-lu- 
minance area occurring near the light source is pro- 
vided on the face of the board supporting the light 
source, and wherein the light input face has formed 
thereupon an optical pattern of continuous prism 
faces and flat faces. 

According to this illumination device, optical 
patterns containing prism faces are formed on the 
light input face of the light guide member, and fur- 
ther an optical area is formed on the board at the 
light source side, so occurrence of locally-high-lu- 
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minance areas can be prevented in an even more 
sure manner by the interactive effect of the optical 
pattern and optical area. 

(10) With the illumination device configured as de- 
scribed above, the optical area may be formed by * 
providing material which does not readily reflect 
light on the board near the light-emitting face of the 
light source. Thus, occurrence of locally-high-lumi- 
nance areas can be suppressed in a sure manner. 

(11) With the illumination device configured as de- i 
scribed above, the optical area may be formed by 
providing material which does not readily reflect 
light on an area on the board where light from the 
light source reaches. Thus, occurrence of locally- 
high-luminance areas can be suppressed in a sure 
manner. 

(12) With the illumination device configured as de- 
scribed above, the material which does not readily 
reflect light is preferably provided over a wider 
range than the optical directivity range of the light 
source. Generally, light emitted from a light source 
has the nature of heading in a certain direction, i.e., 
directivity. Localty-high-luminance areas often oc- 
cur corresponding to such optical directivity re- 
gions. Accordingly, providing the material which 
does not readily reflect light over a wider range than 
the optical directivity range of the light source allows 
occurrence of locally-high-luminance areas to be 
suppressed in a sure manner. 

(13) With the illumination device configured as de- 
scribed above, a light reflective area is preferably 
provided on the surface of the board where the light 
source is provided, at the surrounding area of the 
optical area. The optical area is provided at an area 
where a sufficiently great amount of light form the 
light source reaches, and functions to prevent a 
great amount of reflected light from occurring from 
this area. As can be understood from this, not that 
much light is supplied from the light source to the 
surrounding areas of the optical area on the board. 
Accordingly, a great difference in luminance might 
occur between the optical area where sufficient light 
reaches and the surrounding areas where sufficient 
light does not reach, unless some sorts of measures 
are taken for the surrounding area. In this case, pro- 
viding a light reflective area to the surrounding area 
enables the amount of light reflecting from around 
the optical area to be increased, so the difference 
in luminance can be suppressed. 

(14) With the illumination device configured as de- 
scribed above, the light reflective area may be 
formed as a white color area. Also, this white color 
area may be formed by, for example, printing a wh ite 
color on the board, applying a white color sticker on 
the board, and so forth. 

(15) With the illumination device configured as de- 
scribed above, the material which does not readily 
reflect light may comprise light absorbing material, 



light diffusing material, or light transmitting material. 
In the event of using the light absorbing material, 
reflection of light can be suppressed by absorbing 
light from the light source. Also, in the event of using 
the light diffusing material, concentrated reflection 
of light in a particular direction can be suppressed 
by diffusing light from the light source. Also, in the 
event of using the light transmitting material, reflec- 
tion of light can be suppressed by transmitting light 
from the light source. 

(16) With the illumination device configured as de- 
scribed above, the material which does not readily 
reflect light may be formed by black or gray colored 
printing. Or : the material which does not readily re- 
flect light may be formed by applying black color 
stickers or gray color stickers to the board. 

(17) With the illumination device configured as de- 
scribed above, the light source may be formed by a 
blue LED (Light Emitting Diode) and YAG fluores- 
cent substance provided around the blue LED. This 
configuration is a common configuration of LEDsfor 
emitting white light. 

(18) Next, a liquid crystal device according to the 
present invention comprises: an illumination device 
which generates light in a planar manner; and a liq- 
uid crystal panel provided facing the light emitting 
face of the illumination device, wherein the illumi- 
nation device is configured of the illumination de- 
vice described above According to the illumination 
device used with this liquid crystal device, localty- 
high-luminance areas do not occur near the light 
sources, so display with a uniform brightness over 
the entire display area can be realized. 

(19) Next, an electronic apparatus according to the 
present invention comprises: a liquid crystal device 
comprising a liquid crystal layer; a housing for stor- 
ing the liquid crystal device; and a control means 
for controlling the operations of the liquid crystal de- 
vice, wherein the liquid crystal device is configured 
of the liquid crystal device described above. Ac- 
cording to the liquid crystal device used in this elec- 
tronic apparatus, display with a uniform brightness 
over the entire display area can be realized without 
locally-high-iuminance areas occurring, so an eye- 
friendly display can be realized for the information 
display unit of the electronic apparatus. 

[0013] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a perspective view illustrating an embodi- 
ment of the illumination device and liquid crystal de- 
vice according to the present invention. 
Fig. 2 is a cross-sectional view illustrating the cross- 
sectional configuration of the liquid crystal device 
shown in Fig. 1 . 

Fig. 3 is a perspective view illustrating an example 
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of an active device used in the liquid crystal device 
shown in Fig. 1 . 

Fig. 4 is a plan view illustrating the planar configu- 
ration of the illumination device used with the liquid 
crystal device shown in Fig. 1. 5 
Fig. 5(a) is a enlarged plan view illustrating the pri- . 
rnary components in Fig. 4, and Fig. 5(b) is a cross- 
sectional diagram illustrating the cross-sectional 
structure of the primary components. 
Fig. 6 is a plan view illustrating a modification of the 10 
prism faces to be provided to the light input face of 
the light guide member. 

Fig. 7 is a plan view illustrating another modification 
of the prism faces to be provided to the light input 
face of the light guide member. 15 
Fig. 8(a) is a plan view illustrating a modification of 
optical patterns to be provided on the light emitting 
face and so forth of the light guide member, and Fig. 
8(b) is a cross-sectional diagram thereof. 
Fig. 9 is a perspective view illustrating an embodi- 20 
ment of the electronic apparatus according to the 
present invention. 

Fig. 10 is a block diagram illustrating another em- 
bodiment of the electronic apparatus according to 
the present invention. 25 
Fig. 11 is a plan view illustrating a conventional ex- 
ample of an illumination device. 
Fig. 12 is a plan view illustrating another conven- 
tional example of an illumination device. 
Fig. 13 is a diagram illustrating an embodiment of 30 
the illumination device according to the present in- 
vention, wherein (a) is a plan view, and (b) is a side 
cross-sectional view. 

Fig. 14 is a diagram illustrating an embodiment of 
the illumination device according to the present in- 35 
vention, wherein (a) is a side view, and (b) is a plan 
view. 

Fig. 15 is a diagram illustrating the measurement 
results performed using the embodiment shown in 
Fig. 14. 40 

(Embodiments of illumination device and liquid crystal 
device) 

[0014] The following is a description of the illumination 45 
device and liquid crystal device according to the present 
invention, with embodiments as examples thereof. Fig. 
1 is an embodiment wherein the present invention is ap- 
plied to a liquid crystal device with COG (Chip On Glass) 
structure, driving ICs are directly mounted on a board, so 
which is an active matrix type using TFDs (Thin Film Di- 
odes) which are two-terminal switching devices. 
[0015] In Fig. 1, the liquid crystal device 1 is formed 
by assembling an illumination device 3 onto a liquid 
crystal panel 2. The liquid crystal panel 2 is formed by 55 
applying a first substrate 4a and second substrate 4b 
together with a ring-shaped seal member 6. As shown 
in Fig. 2, a so-called cell gap 12 which is a gap main- 



tained by spacers 14 is formed between the first sub- 
strate 4a and the second substrate 4b, and liquid crystal 
is sealed in this cell gap 12 to form a liquid crystal layer 
13. 

[0016] In Fig. 2, the first substrate 4a has a first base 
material 11 a formed of glass, plastic, etc., which is 
square as observed from the direction of the arrow B, 
with a transflector film 16 on the liquid crystal side sur- 
face of the first base material 11a having TFDs 21 and 
dot electrodes 17a formed thereupon and an alignment 
layer 18a formed thereabove. Before applying the pair 
of substrates 4a and 4b with the seal member 6, the sur- 
face of the alignment layer 18a is subjected to orienta- 
tion processing such as a rubbing process or the like. 
[0017] Also, a polarizing plate 27a is mounted on the 
outer surface of the first base material 1 1 a by adhesion 
or so forth, for example. The polarizing plate 27a func- 
tions to transmit linearly-polarized light facing one direc- 
tion, and to not transmit other polarized light by absorb- 
ing, diffusing, and so forth. 

[0018] The transflector film 1 6 is formed by forming a 
reflective film out of a photoreflective material such as 
aluminum for example, by sputtering or the like, and 
then providing openings 19 for transmitting light at the 
positions corresponding to the dot electrodes 17a by 
photo-etching, for example. Note that an arrangement 
may be used wherein the thickness of the reflective film 
is made to be thin instead of providing openings 1 9, so 
as to have both functions of reflecting light and functions 
of transmitting light. 

[0019] TFDs 21 are formed between the dot elec- 
trodes 17a and line wiring 22, as shown in Fig. 1(a). As 
shown in Fig. 1 , the line wiring 22 comprises a plurality 
of each extending in the X direction, with these being 
arrayed in parallel at predetermined intervals in the Y 
direction (i.e., the direction orthogonal to the X direction) 
one to another, thereby forming a striped form overall. 
Note that while Fig. 1 schematically shows the line wir- 
ing 22 with just a few lines and great intervals therebe- 
tween, to facilitate understanding of the structure, but in 
reality, the line wiring 22 has a great number of lines 
formed at extremely narrow intervals. 
[0020] The individual TFDs 21 are formed by serially 
connecting a first TFD component 21a and a second 
TFD component 21 b, as shown in Fig. 3. The TFD 21 is 
formed as follows, for example. First, a first layer 22a of 
the line wiring 22 and a first metal 23 of the TFD 21 are 
formed of TaW (tantalum tungsten). Next, anodic oxida- 
tion processing is performed to form a second layer 22b 
of the line wiring 22 and an insulating film 24 of the TFD 
21 . Next, a third layer 22c of the line wiring 22 and a 
second metal 26 of the TFD 21 are formed of Cr (chro- 
mium), for example. 

[0021] The second metal 26 of the first TFD compo- 
nent 21a extends from the third layer 22c of the line wir- 
ing 22. Also, a dot electrode 1 7a is formed so as to over- 
lap with the tip of the second metal 26 of the second 
TFD component 21b. Considering that electric signals 



5 



BNSDOCID: <EP 1348987A2_I_> 



EP 1 348 987 A2 



10 



flow from the line wiring 22 toward the dot electrode 1 7a, 
electric signals flow along the that current direction in 
the order of second electrode 26 -> insulating film 24 ~> 
first metal 23 at the f irst TFD component 21 a, while elec- 
tric signals flow in the order of first metal 23 -> insulating 
layer 24 -> second metal 26 at the second TFD compo- 
nent 21b. 

[0022] That is to say, one pair of TFD components 
which are electrically facing opposite one another are 
serially connected to each other between the f irst TFD 
component 21 a and the second TFD component 21b. 
Such a structure is generally called a Back-to-Back 
structure, and TFDs with this structure are known to 
yield more stable characteristics than configuring TFDs 
with only one TFD component. 

[0023] The dot electrode 1 7a formed overlapping the 
tip of the second TFD component 21b of the TFD 21 is 
formed by applying photolithography processing and 
etching processing to a metal oxide such as ITO (Indium 
Tin Oxide), for example. As shown in Fig. 1 (a), multiple 
dot electrodes 17a are arrayed in a column form in the 
direction in which one line wiring 22 extends, i.e., in the 
X direction, and further column-like dot electrodes 1 7a 
thereof are arrayed in parallel in the direction orthogonal 
to the line wiring 22, i.e., in the Y direction one to anoth- 
er. Consequently, the multiple dot electrodes 1 7a are ar- 
rayed in matrix fashion within a plate defined by the X 
direction and Y direction. 

[0024] The multiple dot electrodes 1 7a each make up 
one display dot, and a matrix array of the multiple display 
dots forms a display area for displaying images. 
[0025] In Fig. 2. a second substrate 4b facing the first 
substrate 4a has a second base material 1 1 b formed of 
glass plastic, etc., which is square as observed from 
the direction of the arrow B. A color filter 28 is formed 
on the liquid crystal side of the second base material 
11b, with line electrodes 17b formed thereupon, and an 
alignment layer 18b formed thereabove. Before apply- 
ing the pair of substrates 4a and 4b with the seal mem- 
ber 6 the surface of the alignment layer 1 8b is subjected 
to orientation processing such as a rubbing process or 
the like. 

[0026] Also, a polarizing plate 27b is mounted on the 
outer surface of the second base material 1 1 b by adhe- 
sion or so forth, for example. The polarizing plate 27b 
functions to transmit linearly-polarized light facing one 
direction different from the polarizing transmitting axis 
of the polarizing plate 27a on the side of the first sub- 
strate 4a, and to not transmit other polarized light by ab- 
sorbing, diffusing, and so forth. 

[0027] As shown in Fig. 1 and Fig. 1(a), the line elec- 
trodes 17b extend in the direction orthogonal to the line 
wiring 22. i.e., in the Y direction, and are arrayed in par- 
allel at predetermined intervals in the X direction orthog- 
onal therewith, thereby forming a striped form overall. 
As shown in Fig. 1 (a), each of the line electrodes 1 7b is 
formed facing the multiple dot electrodes 17a arrayed 
in a column form, in the Y direction. The overlapped area 



between the dot electrodes 17a and the line electrodes 
17b makes up one display dot. 

[0028] Note that while Fig. 1 schematically shows just 
a few line electrodes 17b and great intervals therebe- 
5 tween to facilitate understanding of the structure, but in 
reality, a great number of line electrodes 1 7b are formed 
at extremely narrow intervals. 

[0029] In Fig. 2, the color filter 28 is configured of R, 
G and B tricolor picture elements 29 arranged in a pre- 
10 determined array, and light shielding areas formed be- 
tween the picture elements 29, i.e., a black mask 31 
Examples of the array for the R s 6, and B color picture 
elements 29 include stripe arrays, delta arrays, mosaic 
arrays, and so forth. Also ; each of the color picture ele- 
15 ments 29 is formed at positions corresponding to the dis- 
play dots formed so that the dot electrodes 1 7a and the 
line electrodes 17b overlap. 

[0030] In Fig. 1 , the first substrate 4a has an extending 
portion 7 which extends outwards from the second sub- 
20 strate 4b. with wiring 32 and terminals 33 being formed 
on the surface of the extending portion 7. A driving IC 9 
Is mounted at the area where the wiring 32 and terminals 
33 are gathered, by an ACF (Anisotropic Conductive 
Film) 8. As shown in Fig. 2, the driving IC 9 has bumps 
25 36 which are protruding terminals. Also, the ACF 8 is 
formed by mixing a great amount of minute electrocon- 
ductive particles 38 in a resin 37 having hardening char- 
acteristics such as thermosetting, thermoplasticty, ul- 
traviolet curing, and so forth. The bumps 36 on the out- 
30 put side of the driving IC 9 are electroconduct.vely con- 
nected with the wiring 32 formed on the extending por- 
tion 7 of the first substrate 4a by the electroconductive 
particles 38 within the ACF 8. Also, the bumps 36 on the * 
input side of the driving IC 9 are also electroconductively 
35 connected with the terminals 33 by the electroconduc- 
tive particles 38. 

[0031] In Fig. 2, the wiring 32 and terminals 33 are 
formed on the first substrate 4a at the same time as 
forming the line wiring 22 and dot electrodes 1 7a on the 
40 first substrate 4a. Note that the line wiring 22 extends 
into the extending portion 7 as it is to become the wiring 
32 Spherical or cylindrical conductors 34 are mixed in 
the interior of the seal member 6 for adhering the fist 
substrate 4a with the second substrate 4b. The line elec- 
ts trodes 1 7b formed on the second substrate 4b are laid 
to the portion of the seal member 6 on the second sub- 
strate 4b, and then electroconductively connected with 
the wiring 32 on the first substrate 4a via the conductive 
material 34. Due to this configuration, the driving IC 9 
50 mounted on the first substrate 4a can supply signals to 
both the line wiring 22 on the first substrate 4a and ac- 
cordingly the dot electrodes 1 7a, and the line electrodes 
17b on the second substrate 4b. 
[0032] In Fig. 1 , the illumination device 3 disposed 
55 facing the outer surface of the first substrate 4a making 
up the liquid crystal panel 2 has a light guide member 
39 having a square plate shape from of transparent plas- 
tic for example, and a light source device 41 attached 
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to the light guide member 39. In Fig. 2, a light reflective 
sheet 52 is mounted to the face of the light guide mem- 
ber 39 opposite to the liquid crystal panel 2 by adhesion 
or the like, for example. Also, a light diffusion sheet 53 
is mounted to the face of the light guide member 39 fac- 
ing the liquid crystal panel 2 by adhesion for example, 
and further, a prism sheet 54 is mounted thereupon by 
adhesion, for example. 

[0033] The light reflective sheet 52 reflects light which 
has been externally emitted from the face of the light 
guide member 39 opposite to the liquid crystal panel 2, 
so that the light passes through the light guide member 
39 again, so as to be externally emitted from the face of 
the light guide member 39 facing the liquid crystal panel 
2. The light diffusion sheet 53 diffuses the light emitted 
from the face of the light guide member 39 facing the 
liquid crystal panel 2, i.e., diffuses in multiple directions. 
[0034] The prism sheet 54 is a sheet member having 
prisms, i.e., transparent members having two or more 
non-parallel faces, on the face thereof facing the liquid 
crystal panel 2 and/or on the face thereof facing the light 
guide member 39, and acts to direct the light emitted 
from the light diffusing sheet 53 in a predetermined di- 
rection. 

[0035] In Fig. 1 , the light source device 41 has three 
LEDs 42 serving as light sources for generating light in 
the point-shaped, and a board 43 for supporting the 
LEDs 42. The number of the LEDs 42 may be just one, 
or a multiple number other than three, if necessary. The 
board 43 comprises, on a flexible semitransparent plas- 
tic film, terminals 44, wiring 46 extending from the ter- 
minals 44, and control circuits 47 connected to the wiring 
46. The control circuits 47 generate a current for driving 
the LEDs 42. The LEDs 42 are fixed on the board 43 so 
as to be connected to the control circuits 47, by adhesion- 
or the like. 

[0036] As shown in Fig. 2 for example, the LEDs 42 
have a blue LED 48 for generating blue light, and resin 
49 which contains a YAG fluorescent substance provid- 
ed on the light-emitting surface of the blue LED 48. Upon 
the blue light emitted from the blue LED 48 passing 
through the resin 49, part of the blue light interacts with 
the YAG' fluorescent substance and is converted into 
yellow light, i.e., a mixed light of green light and red light, 
and mixes with the blue light which has been externally 
emitting without interacting with the YAG fluorescent 
substance, thereby yielding white color light at the light- 
emitting surface 51 . 

[0037] An attachment tab K is set on the tip of the 
board 43 of the light source device 41 , with the attach- 
ment tab K being fixed to the face of the light guide mem- 
ber 39 opposite to the liquid crystal panel 2 with the light 
reflective sheet 52 introduced therebetween, by adhe- 
sion, for example. An arrangement may be used where- 
in, instead of such an adhesion method, protrusions 
such as pins for example are formed on suitable posi- 
tions on the light guide member 39, and fitting structures 
such as holes for example are formed on the corre- 



sponding positions of the board 43, so that the pins and 
holes can be fit to fix the light source device 41 onto the 
light guide member 39. 

[0038] Note that while a light reflective sheet 52 is pro- 

5 vided between the light guide member 39 and the board 
43 with the present embodiment, an arrangement may 
be made wherein the board 43 is directly fixed into the 
light guide member 39, and the light reflective sheet 52 
is mounted on the outer surface of the board 43 and light 

10 guide member 39 later. 

[0039] Multiple protrusions 56 serving as a dot pattern 
are formed on the face of the light guide member 39 op- 
posite to the liquid crystal panel 2, in a constant array 
pattern. The protrusions 56 are provided for guiding the 

is light, which proceeds while conducting total reflection 
inside the light guide member 39, out of the light guide 
member 39. Fig. 4 illustrates a configuration of the light 
guide member 39 and the light source device 41 shown 
in Fig. 2 without the liquid crystal panel 2, viewed from 

20 the direction of the arrow B. As shown in Fig. 4, each of 
the protrusions 56 are formed square in planar fashion, 
and further are formed so as to be small in area the clos- 
er to the light source device 41 . and larger in area the 
farther from the light source device 41 . 

25 [0040] The reason that the area of the protrusions 56 
is changed according to the distance from the light 
source device 41 is in order to weaken the light quantity 
emitted toward the liquid crystal panel 2 near the light 
source device 41 and to strengthen the light quantity 

30 emitted toward the liquid crystal panel 2 far from the light 
source device 41 . thereby making the planar light sup- 
plied from the light guide member 39 to be uniform. 
[0041] Note that in Fig. 2, any or all of the light reflec- 
tive sheet 52, light diffusing sheet 53, and prism sheet 

35 54 f may be omitted as necessary, 

[0042] In Fig. 4, light reflective areas H are provided 
on the surface of the board 43 making up the light source 
device 41 at areas G closer to the light guide member 
39 than the position where the LEDs 42 are provided, 

40 between adjacent LEDs 42. Also, optical areas P for 
suppressing the luminance of locally-high-luminance ar- 
eas A (see Fig. 11 (a)) are provided at the front areas of 
the light-emitting faces 51 of the LEDs 42 between the 
light reflective areas H, i.e., near the light-emitting faces 

45 51 . 

[0043] With the present embodiment, the light reflec- 
tive areas H are formed of a white color material 57 print- 
ed on the board 43, as shown in Fig. 2. Also, optical 
areas P are formed of black color material 58 formed 

50 upon the white color material 57. The black color mate- 
rial 58 acts as a member which does not readily reflect 
light. The optical areas P and the light reflective areas 
H are provided both in the areas between the light input 
face 39a of the light guide member 39 and the light-emit- 

55 ting faces 51 of the LEDs 42, and in the area where the 
board 43 overlaps the light guide member 39. 
[0044] The light reflective areas H are not restricted 
to printing a white color material, and can be realized by 
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forming the board 43 itself of a white color material or 
applying a white color sheet. Also, the color is not re- 
stricted to white, and another color capable of reflecting 
light may be used. 

[0045] Also, the material which does not readily reflect 
light, which makes up the optical area P is not restricted 
to printing a black color material, and can be realized by 
forming the board 43 itself of a black color material or 
applying a black color sheet. Also, the color is not re- 
stricted to black, and another color capable of absorbing 
light, such as gray for example, may be used. 
[0046] Fig. 5 illustrates an enlarged view of the portion 
of the structure with the board 43 and light guide mem- 
ber 39 which make up the light source device 41 being 
assembled, where the LEDs 42 are provided. Generally, 
LEDs 42 have directivity with regard to emitted light. 
That is to say, the light emitting from the light-emitting 
face 51 of the LED 42 is strong in particular directions, 
and weak in particular directions. The shape denoted by 
the reference symbol S in Fig. 5 indicates the light di- 
rectivity of the LED 42. 

[0047] Describing how to view the light directivity di- 
agram S, in Fig. 5(a), the intensity of light emitted from 
the LED 42 which progresses in the straight direction of 
progression indicated by the arrow CO has an intensity 
indicated by the length of the arrow CO, and the intensity 
of the light progressing in the directions of the arrows 
C1, C2 5 C3, and C4, respectively have intensities cor- 
responding to the length of the arrows. As can be clearly 
understood from this directivity diagram S, no light is 
emitted in the direction right beside the light emitting 
face of the LED 42, i.e.. in the direction completely be- 
side to the angle 0°. Note that the light directivity of the 
LED 42 is not planar, but rather occurs in the height-wise 
direction as well, as shown in Fig. 5(b). That is to say, 
the LED 42 has light directivity indicated by a three-di- 
mensional light directivity diagram S. 
[0048] With the present embodiment, the planar width 
D of the optical areas P for suppressing occurrence of 
locally-high-luminance areas is formed so as to be a 
range wider than the above light directivity diagram S. 
Thus, reflection of light from the LED 42 off of the board 
43 can be suppressed in a sure manner, and conse- 
quently, occurrence of locally-high-luminance areas ow- 
ing to the reflected light can be suppressed in a sure 
manner. 

[0049] While the planar width D of the optical areas P 
is determined as described above, the planar length E 
of the optical areas P is determined regardless of the 
light directivity diagram S, as shown in Fig. 5(b). Spe- 
cifically, the length E of the optical areas P is set so as 
to be longer than the area where the light emitted from 
the light-emitting face 51 of the LED 42 passes between 
the light guide member 39 and the LED 42 and directly 
reaches the board 43. Thus, reflected light from the 
board 43 which is reflected light at portions contributing 
to occurrence of locally-high-luminance areas can be 
suppressed in a sure manner. 



[0050] Now, in the event of employing a structure 
wherein the light reflective sheet 52 is introduced be- 
tween the board 43 and light guide member 39 as with 
the present embodiment, the light which has been emit- 
5 ted from the LEDs 42 and entered the light guide mem- 
ber 39 is reflected at the light reflective sheet 52 and 
does not reach the optical areas P. Accordingly, there 
may be no difference in the effects of suppressing the 
occurrence of locally-high-luminance areas between ar- 
10 rangements provided with the optical areas P and those 
not provided therewith, as far as the areas overlapping 
the light reflective sheet 52 are concerned. However, 
there may be cases wherein there is light which is trans- 
mitted through the light reflective sheet 52, so if possi- 
15 ble the optical areas P are preferably provided on the 
board 43 at the areas overlapping the light reflective 
sheet 52 as well, in order to prevent such light from re- 
flecting at the board 43 and contributing to occurrence 
of locally-high-luminance areas. 
20 [0051] Also, as a modification of the liquid crystal de- 
vice an arrangement may be conceived wherein the 
light reflective sheet 52 is not introduced between the 
board 43 and light guide member 39 as with the present 
embodiment, but rather wherein the board 43 is directly 
25 mounted to the sides of the light guide member 39 : and 
the light reflective sheet 52 is later mounted to the outer 
surface of the board 43 and light guide member 39. In 
such cases, the light cast from the LEDs 42 into the light 
guide member 39 may not be totally reflected at the m- 
30 terf ace between the light guide member 39 and the ex- 
ternal space but rather cast out of the light guide mem- 
ber 39 ie., into the space, at the side portions of the 
light guide member39 nearthe LEDs 42. In such cases, 
in the event that the light externally emitted from the light 
35 guide member 39 reaches the board 43, the light may 
reflect at the board 43 and contribute to occurrence of 
locally-high-luminance areas, so optical areas P are 
preferably provided on areas of the board 43 where such 
reflected light might be anticipated. 
40 [0052] Next, as a modification of the liquid crystal de- 
vice an arrangement may be conceived wherein no light 
reflective sheet 52 is used, but rather wherein the board 
43 is directly mounted to the sides of the light guide 
member 39. In this case as well, the light cast from the 
45 LEDs 42 into the light guide member 39 may not be to- 
tally reflected at the interface between the light guide 
member 39 and the external space but rather cast out 
of the light guide member 39 : i.e., into the space, at the 
side portions of the light guide member 39 near the 
so LEDs 42. In such cases as well, in the event that the 
light externally emitted from the light guide member 39 
reaches the board 43, the light may reflect at the board 
43 and contribute to occurrence of locally-high-lumi- 
nance areas, so optical areas P are preferably provided 
55 on areas of the board 43 where such reflected light might 
be anticipated. 

[0053] As described above, the occurrence of locally- 
high-luminance areas can be suppressed by providing 
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optical areas P near the LEDs 42 on the board 43. With 
the present embodiment, light reflecting areas H of white 
color areas or the like are further provided between ad- 
jacent optical area P pairs. Generally., light readily reach- 
es areas in front of the light-emitting faces of the LEDs 5 
42, but light does not readily reach areas between pairs 
of adjacent LEDs 42, i.e., portions at the sides of the 
LEDs 42. This is thought to be one reason why locally- 
high-luminance areas readily occur corresponding to ar- 
eas in front of the LEDs 42. With regard to this : providing 
light reflecting areas H in intermediate areas between 
pairs of adjacent LEDs as with the present embodiment 
allows the quantity of reflected light on the board 43 to 
be increased in areas where the light quantify tends to 
decrease, and consequently, occurrence of locally-high- 
luminance areas can be suppressed in an even more 
sure manner. 

[0054] Next, as shown in Fig. 1 and Fig. 4, an optical 
pattern of continuous alternating prism faces 61 and flat 
faces 62 is formed on the light input face 39a of the light 
guide member 39. A prism is a transparent member hav- 
ing two or more non-parallel faces, with prism faces be- 
ing the outer faces of such prisms. With the present em- 
bodiment, mountain-shaped cross-sectional triangular 
protrusions linearly extending over the entire area of the 
height direction of the light input face 39a of the light 
guide member 39, i.e., the thickness direction thereof, 
are provided as prism faces 61 . 

[0055] Note that prism faces 61 are not restricted to 
being provided over the entire area of the height direc- 
tion of the light input face 39a, i.e., the thickness direc- 
tion of the light guide member 39, and may rather be 
provided at partial portions in the height direction there- 
of. Also, the cross-sectional triangular shape of the 
prism faces 61 may be equilateral triangles with the light 
input face 39a as the base thereof, triangles higher than 
equilateral triangles, i.e., isosceles triangles which are 
more acute than equilateral triangles, triangles lower 
than equilateral triangles, i.e., isosceles triangles which 
are more flattened than equilateral triangles, right trian- 
gles, or other arbitrary triangles. Also, the cross-section- 
al shape of the prism face 61 may be a polygonal form 
other than a triangle. 

[0056] As described above, prism faces 61 are pro- 
vided to the light input face 39a of the light guide mem- 
ber 39, so light emitted from the LEDs 42 and entering 
the light guide member 39 is suitably diffused in the 
plane direction of the light guide member 39 by the prism 
faces 61, and accordingly, in conjunction with the exist- 
ence of the optical areas P provided on the board 43, 
occurrence of localfy-high-luminance areas near the 
LEDs 42 can be suppressed in an even more sure man- 
ner. 

[0057] In providing the prism faces 61 to the light input 
face 39a of the light guide member 39, an arrangement 
wherein the prism faces 61 alone are continuously pro- 
vided, i.e. , wherein the entire face of the light input face 
39a is continuous prism faces 61, may be conceived. 
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However, the present embodiment does not employ 
such continuous prism faces 61 , and rather employs an 
optical pattern wherein prism faces 61 and flat faces 62 
alternately continue. 

[0058] Experiments performed by the present Inven- 
tor have confirmed that occurrence of locally-high-lumi- 
nance areas can be suppressed in an even more sure 
manner by an arrangement wherein flat faces 62 are in- 
troduced between the prism faces 61 as compared with 
an arrangement wherein prism faces 61 are continuous. 
It is thought that this is because the diffusion state of 
light can be made even more marked with the arrange- 
ment wherein flat faces 62 are introduced between the 
prism faces 61 as compared with the arrangement 
wherein prism faces 61 are continuous. 
[0059] Also, the luminance might decrease with an ar- 
rangement wherein the prism faces 61 are continuous 
without flat faces 62 introduced therebetween, but a 
continuation of prism faces 61 and flat faces 62 prevents 
decrease of luminance and enables a bright display to 
be made. 

[0060] Note that the length of the base of the cross- 
sectional triangle making up the prism face 61 is formed 
longer than the width of the protrusion 56a closest to the 
prism face 61 thereof, as shown in Fig. 5(a). In other 
words, in the event of forming multiple protrusions 56 
for adjusting the refraction of light on the face of the light 
guide member 39 opposite to the liquid crystal panel 2, 
the width of a protrusion 56a closest to the prism face 
61 of these protrusions 56 is formed so as to be smaller 
than the base portion of the prism face 61 . 
[0061 ] The following is a description of the operations 
of the liquid crystal device configured as described 
above. 

[0062] In the event that external light such as sunlight, 
room light, etc., is sufficient, the external light is taken 
into the liquid crystal panel 2 through the second sub- 
strate 4b as shown by the arrow F in Fig. 2, and the ex- 
ternal light passes through the liquid crystal layer 1 3 and 
then is reflected at the transflector film 1 6 and supplied 
to the liquid crystal layer 13. 

[0063] On the other hand, in the event that externa! 
light is insufficient, the LEDs 42 within the light source 
device 41 making up the illumination device 3 come on. 
At this time, the light that is emitted from the LEDs 42 
as point-shaped light is guided into the light guide mem- 
ber 39 through the light input face 39a of the light guide 
member 39 as indicated by arrow J, and subsequently 
is directly emitted from the face thereof facing the liquid 
crystal panel 2, i.e., the light emitting face, or emitted 
from the opposite face where the protrusions 56 are pro- 
vided and reflected off of the light reflective sheet 52 and 
then emitted from the light emitting face. Thus, light 
emitting from each portion of the light emitting face pass- 
es through the openings 19 formed in the transflector 
film 16 and supplied to the liquid crystal layer 13. 
[0064] While light is being thus supplied to the liquid 
crystal layer 13, the liquid crystal panel 2 is being con- 
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trolled by the driving IC 9 : with scanning signals, for ex- 
ample being supplied to the line wiring 22 while, at the 
same time, data signals, tor example, are supplied to 
the line electrodes 17b. At this time, upon the TFD 21 
of a particular display dot being selected according to 
the potential difference between the scanning signal 
and data signal (i.e., being turned on), a picture signal 
is written to the liquid crystal capacity within the display 
dot, and subsequently, upon the TFD 21 being unselect- 
ed (i.e., being turned off) the signal is stored in the dis- 
play dot and drives the liquid crystal layer within the dis- 
play dot. 

[0065] Thus, the liquid crystal molecules withinthe liq- 
uid crystal layer 13 are controlled in increments of dis- 
play dots, and accordingly, the light passing through the 
liquid crystal layer 13 is modulated in increments of dis- 
play dots. The light thus modulated passes through the 
polarizing plate 27b : thereby displaying images such as 
characters, numerals, shapes, etc., in the effective dis- 
play area of the liquid crystal panel 2. 
[0066] As shown in Fig. 4 S while display using the liq- 
uid crystal as described above is performed, the light 
which has been generated from the LEDs 42 is taken 
into the light guide member 39 through the light input 
face 39a of the light guide member 39. In the event that 
certain optical conditions are satisfied while this light 
progresses through the light guide member 39 while ex- 
hibiting total reflection, this light is emitted from the light 
guide member 39 in planar fashion and supplied to the 
liquid crystal panel 2. 

[0067] At this time, the intensity of the light emitted 
from the LEDs 42 is strong at the front area of the light 
emitting faces 51 of the LEDs 42, and weak at the areas 
departing in the crosswise direction from the LEDs 42. 
Accordingly, locally-high-luminance areas tend to occur 
at portions of the light guide member 39 near the LEDs 
42. However, with the present embodiment, an optical 
pattern wherein prism faces 61 and flat faces 62 alter- 
nately continue is provided at the light input face 39a of 
the light guide member 39, so light cast into the light 
input face 39a is sufficiently diffused in the plane direc- 
tion of the light guide member 39. Accordingly, occur- 
rence of locally-high-luminance areas in the light guide 
member 39 near the LEDs 42 can be prevented in a sure 
manner. Also, deterioration in luminance can also be 
prevented. 

[0068] Also, with the present embodiment, black color 
optical areas P are provided at the front areas of the 
light-emitting faces 51 of the LEDs 42 : so the quantity 
of light corresponding to the front areas of the light-emit- 
ting faces 51 of the LEDs 42 can be suppressed. Ac- 
cordingly, occurrence of locally-high-luminance areas 
as described above can be suppressed even further, 
due to the interactive effects with the optical pattern con- 
taining the prism faces 61 . 
[0069] Further, with the present embodiment, white 
color light reflective areas H are provided departing in 
the crosswise direction from the LEDs 42, i.e., at the 



side areas of the LEDs 42, so decrease of light quantity 
at the areas in the crosswise direction from the LEDs 42 
can be suppressed. Accordingly, occurrence of locally- 
high-luminance areas as described above can be sup- 
5 pressed even further, due to the interactive effects with 
providing the optical pattern containing the prism faces 
61 and black color optical areas P. 



(Modifications) 



[0070] Fig. 6 illustrates a modification of the prism fac- 
es to be provided to the light input face 39a of the light 
guide member 39. While protrusions having cross-sec- 
tional forms of an equilateral triangle or isosceles tnan- 
15 gie are used as the prism faces 61 in Fig. 5(a), the ex- 
ample shown in Fig. 6 uses protrusions having cross- 
sectional forms of a right triangle as the prism faces 61 . 
[0071] Fig. 7 illustrates another modification of the 
prism faces to be provided to the light input face 39a of 
20 the light guide member 39. While protrusions are used 
for the prism faces 61 in Fig. 5(a) and Fig. 6 S the example 
shown in Fig. 7 uses recesses as the prism faces 61, 
and particularly recesses having cross- sectional forms 
of an equilateral triangle or isosceles triangle. 
25 [0072] Fig. 8 indicates a modification of the optical 
pattern for adjusting the refractive index of light, provid- 
ed on the planar light emitting face of the light guide 
member 39 and on the face on the opposite side thereof 
With the embodiment shown in Fig. 5, dot-like protru- 
30 sions 56 are used for such an optical pattern, but the 
example shown in Fig. 8 uses multiple linear protrusions 
63 extending in the crosswise direction as to the incident 
direction of light from the LED 42, i.e., stripe patterns, 
as an optical pattern. In Fig. 8, the cross-sectional form 
35 of the stripe patterns 63 is triangular, but this may be 
made to be square, half-circle, etc. 
[0073] Due to the same reason for gradually increas- 
ing the area of the dot-shaped protrusions 56 while mov- 
ing away from the LEDs 42 in Fig. 5, i.e., in order to emit 
40 planar light with a uniform intensity from the light emit- 
ting face of the light guide member 39, the array pitch 
M of the multiple stripe protrusions is formed so as to 
become gradually tighter. Or, a configuration may be 
employed wherein the size of the stripe protrusions 63 
45 becomes gradually larger, instead. 

[0074] Further, with the embodiment shown in Fig. 5, 
printing a black color material or the like is performed 
for the material which does not readily reflect light, in 
order to form the optical areas P for preventing occur- 
so rence of locally-high-luminance areas. That is, a light- 
absorbing material is used for the material which does 
not readily reflect light. However, material which does 
not readily reflect light is not restricted to such a light- 
absorbing material, and rather may be formed of a light 
55 diffusing member or light transmitting member. 
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(Embodiment of the electronic apparatus) 

[0075J Fig. 9 illustrates an embodiment of a cellular 
phone which is an example of the electronic apparatus 
according to the present invention. The cellular phone 
90 is configured of components such as an antenna 91 , 
speaker 92, liquid crystal device 100, key switches 93, 
microphone 94, etc., being stored in an outer case 96 
serving as housing. Also, a control circuit board 97 
mounting a control circuit for controlling the operations 
of the aforementioned components is provided within 
the outer case 96. The liquid crystal device 100 can be 
configured with the liquid crystal device 1 shown in Fig. 
1 , for example. 

[0076] With the cellular phone 90, signals input from 
the key switches 93 and microphone 94, and reception 
data and the like received by the antenna 91 , are input 
to the control circuit on the control circuit board 97. The 
control circuit displays images such as numerals, char- 
acters, pictures, etc., on the display face of the liquid 
crystal device 1 based on the various types of data that 
are input, and further transmits transmission data 
through the antenna 91 . 

[0077] With the liquid crystal device 1 shown in Fig. 
1 , the optical pattern formed of prism faces 61 and flat 
faces 62 has been provided to the light input face 39a 
of the light guide member 39, so occurrence of locally- 
high-luminance areas in the effective display area of the 
liquid crystal panel 2 near the LEDs 42 can be prevent- 
ed, and a uniform display can be made. Accordingly, us- 
ing such a liquid crystal device 1 for the liquid crystal 
device 1 00 shown in Fig. 9 allows a readily-viewable dis- 
play with uniform brightness to be made on the display 
unit of the cellular phone 90. 

[0078] Fig. 10 illustrates another embodiment of the 
electronic apparatus according to the present invention. 
The electronic apparatus shown here is configured of a 
display information output source 101, a display infor- 
mation processing circuit 102, an electric power source 
circuit 103, a timing generator 104, and a liquid crystal 
device 100. The liquid crystal device 100 has a liquid 
crystal panel 107 and a driving circuit 106. 
[0079] The display information output source 1 01 
comprises memory such as RAM (Random Access 
Memory) or the like, a storage unit such as a disk of 
some sort or the like, and a synchronizing circuit or the 
like for synchronous output of digital image signals, and 
supplies display information of image signals following 
a predetermined format or the like to the display infor- 
mation processing circuit 1 02, based on clock signals of 
some sort generated by the timing generator 104. 
[0080] Next, the display information processing circuit 
1 02 has a great number of known circuits such as am- 
plifier and inversion circuits, rotation circuits, gamma 
correction circuits, clamping circuits, and so forth, sub- 
jects the input display information to processing, and 
supplies image signals to the driving circuit 106 along 
with clock signals CLK. Here, the driving circuit 106 is a 



collective reference to not only the scanning line driving 
circuit (not shown) and data line driving circuit (not 
shown), but also inspection circuits and the like, as welt. 
Also, the electric power source circuit 1 03 supplies pre- 
5 determined electric power source voltage to the afore- 
mentioned components. 

[0081] In the electronic apparatus according to the 
present embodiment, a uniformly bright display with no 
locally-high-luminance areas can be made by using the 
io liquid crystal device 1 shown in Fig. 1 as the liquid crystal 
device 100. 

(Other embodiments) 

15 [0082] While the present invention has been de- 
scribed with reference to preferred embodiments, the 
present invention is not restricted to the embodiments, 
and various modifications may be made within the 
scope of the invention described in the Claims. 

20 [0083] For example, the present invention has been 
applied to a liquid crystal device with COG (Chip On 
Glass) structure, the driving ICs are directly mounted on 
the surface on the board, but it is needless to say that 
the present invention can be applied to liquid crystal de- 

25 vices having a structure wherein the driving IC is con- 
nected to the liquid crystal panel by a wiring board such 
as an FPC (Flexible Printed Circuit) or the like. Also, the 
present invention can be applied to liquid crystal devices 
having a structure wherein a TAB (Tape Automated 

30 Bonding) board to which the driving IC has been mount- 
ed is connected to the liquid crystal panel. 
[0084] Also, with the embodiment shown in Fig. 1 , the 
present invention is-applied to an active-matrix liquid 
crystal device having a configuration wherein TFDs 

35 which are two-terminal active devices are provided to 
each dot as switching devices, but the present invention 
can also be applied to simple (static) matrix liquid crystal 
devices which do not use active devices, active-matrix 
liquid crystal devices having a configuration of three-ter- 

^0 minal active devices such as TFTs (Thin Film Transistor) 
being provided to each display dot as switching devices, 
instead. 

[0085] Also, with the embodiment shown in Fig. 1 , TN 
type liquid crystal material is generally used, but the 

45 present invention can also be applied to liquid crystal 
devices having a configuration of using BTN (Bi-stable 
Twisted Nematic) type liquid crystal material, liquid crys- 
tal devices having a configuration of using bi-stable type 
liquid crystal material having memory characteristics 

50 such as ferroelectric type liquid crystal material, liquid 
crystal devices having a configuration of using macro- 
molecule-dispersion type liquid crystal material, liquid 
crystal devices having various configurations of using 
GH (guest-host) liquid crystal wherein a dye (guest) hav- 

55 ing anisotropy regarding the absorption of visible light 
in the major axis direction and the minor axis direction 
of the molecule is dissolved in liquid crystal (host) having 
a constant molecular array so that the dye molecules 
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are arrayed in parallel with the liquid crystal molecules, 
and so forth, instead. 

[0086] Also, the present invention can also be applied 
to liquid crystal devices using vertical alignment (i.e., 
homeotropic alignment) wherein the liquid crystal mol- 
ecules are vertically aligned as to both substrates wh.le 
no voltage is applied, and wherein the liquid crystal mol- 
ecules are horizontally aligned as to both substrates 
while voltage is applied. 

[0087] Also, the present invention can also be applied 
to liquid crystal devices using parallel alignment (i.e., 
horizontal alignment or homogeneous alignment) 
wherein the liquid crystal molecules are horizontally 
aligned as to both substrates while no voltage is applied, 
and wherein the liquid crystal molecules are vertically 
aligned as to both substrates while voltage is applied. 
[0088] As described above , the present invention can 
be applied to liquid crystal devices with various types of 
liquid crystal and alignment methods. 
[0089] Also, while the present embodiment has been 
applied to a cellular phone as an electronic apparatus 
in Fig. 9, the present invention can be applied to other 
various types of electronic apparatuses as well, such as 
portable information terminals, digital cameras, video 
camcorders, and so forth. 

[Embodiments] 

(First Embodiment) 



[0090] As shown in Fig. 1 3(a) f the height of the prism 
face 61 was set at L1 = 10 to 50 urn, preferably 0.02 to 
0.03 mm, the vertical angle to a = 80 to 120°, the pitch 
to P1 = 100 to 300 um and the distance between the 
light-emitting face of the LED 42 and the light input face 
39a of the light guide member 39 to D1 = 0.2 mm or less. 
Also, as shown in Fig. 1 3(b), the height of the light-emit- 
ting face of the LED 42 was set at H1 = 0.7 mm, the 
height of the LED 42 to H2 - 1 .0 mm, and the height of 
the light input face 39a of the light guide member 39 to 
H3 = 0.8 to 0.9 mm. Setting the conditions for the LEDs 
42 and prism faces 61 and so forth as described above, 
the locally-high-iuminance areas were reduced to a lev- 
el that poses no problems from a practical standpoint, 
and moreover, sufficient luminance of light emitted from 
the light guide member 39 was secured. 

(Second embodiment) 

[0091] Next, in Fig. 14(a), for a light guide member 
39, two inches in diagonal size, three types of light guide 
members 39 were prepared: an arrangement wherein 
the light input face 39a is a simple flat face, a product 
of the present invention wherein the light input face 39a 
is a continuation of prism faces and flat faces, and an 
arrangement wherein the light input face 39a is a con- 
tinuation of prism faces alone. 

[0092] Three LEDs 42 were positioned as light sourc- 



es facing the light input face 39a of the light gu.de mem- 
ber 39 Also, a light reflective sheet 66 was provided on 
the rear face of the light guide members 39. and further 
a light diffusing sheet 67, a first prism sheet 68a, and a 
5 second prism sheet 68b where provided to the light emit- 
ting side of the light guide members 39. The first pnsm 
sheet 68a and second prism sheet 68b were arranged 
so that the prism patterns thereof were mutually orthog- 
onal. 

w [0093] Electric current of 1 5 mA was supplied to each 
LED 42 so as to light the illumination devices. Then, the 
luminance at the five points indicated by© through 
® in Fig. 14(b) on the light emitting face of the light 
guide member 39 was measured using a luminance me- 

15 ter BM5A (manufactured by TOPCON CORPORA- 
TION). 

[0094] Fig. 15 illustrates the measurement results 
thereof. In Fig. 15, "average luminance" means the av- 
erage of the luminance measured at CD through® . Al- 
so so. "uniformity" is the average value of "luminance irreg- 
ularities". The measurement results showed the follow- 
ing That is, the locally high-luminance areas occurring 
near the LEDs 42 of the light guide member 39 was re- 
duced to a level that poses no problems from a practical 
25 standpoint by the arrangement with the configuration 
wherein prism faces and flat faces are continuous. Also, 
luminance irregularities at the light emitting face of the 
light guide member 39 were reduced to a level that pos- 
es no problems from a practical standpoint by the ar- 
30 rangement with the configuration wherein prism faces 
and flat faces are continuous. Further, the average lu- 
minance at the light emitting face of the light guide mem- 
ber^39 was highest with the arrangement with the con- 
figuration wherein prism faces and flat faces are contin- 
35 uous. Thus, it has been shown that providing an optical 
pattern with continuous prism faces and flat faces for 
the light input face of the light guide member 39 yields 
emitted light with high luminance and no occurrence of 
locally-high-iuminance areas. 

40 



Claims 



45 



50 



55 



An illumination device, comprising: 

a light source for generating light; and 
a light guide member wherein light from said 
light source is received at a light input face and 
emitted from a light emitting face, 

wherein said light input face has formed there- 
upon an optical pattern of continuous prism faces 
and flat faces. 

An illumination device according to Claim 1 , where- 
in said prism faces linearly extend in the thickness 
direction of said light guide member and wherein 
the cross-sectional form thereof is triangular protru- 
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sions or recesses. 

3. An illumination device according to Claim 1 , where- 
in said prism faces linearly extend in the thickness 
direction of said light guide member and wherein 
the cross-sectional form thereof is protrusions or re- 
cesses of a right triangle shape with said light input 
face as the base thereof. 

4. An illumination device according to Claim 1 , where- 
in said prism faces linearly extend in the thickness 
direction of said light guide member and wherein 
the cross-sectional form thereof is protrusions or re- 
cesses of shapes with an isosceles triangle shape 
which is more acute than an equilateral triangle. 

5. An illumination device according to any of Claim 2 
through Claim 4 : wherein the width of said prism 
faces is generally equal over the entire area of said 
light guide member in the thickness direction. 

6. An illumination device according to any of Claim 1 
tnrough Claim 5. wherein the height or depth of said 
prism faces is 10 to 50 \xm, preferably 0.02 to 0.03 
mm. wherein the vertical angle of said prism faces 
is 80 to 120°. and wherein the pitch of said prisms 
is 100 to 300 urn. 

7. An illumination device according to Claim 1 , where- 
in a plurality of dot patterns for adjusting the refrac- 
tive index of light are formed on the light emitting 
face of said light guide member and/or the reverse 
face thereof, and wherein, of these dot patterns, the 
width of the dot patterns formed closest to said light 
input face is smaller than the length of the base of 
said prism faces. 

8. An illumination device according to Claim 1 , where- 
in a plurality of stripe patterns for adjusting the re- 
fractive index of light are formed on the light emitting 
face of said light guide member and/or the reverse 
face thereof. 

9. An illumination device : comprising: 

a light source for generating light; 
a board for supporting said light source; and 
a light guide member wherein light from said 
light source is received at a light input face and 
emitted from a light emitting face, 

wherein an optical area for suppressing the 
luminance of a locally high-luminance area occur- 
ring near said light source is provided on the face 
of said board supporting said light source, 

and wherein said light input face has formed 
thereupon an optical pattern of continuous 



prism faces and flat faces. 

10. An illumination device according to Claim 9. where- 
in said optical area is formed by providing material 

5 which does not readily reflect light on said board 

near the light-emitting face of said light source. 

1 1 . An illumination device according to Claim 9, where- 
in said optical area is formed by providing material 

10 which does not readily reflect light on an area on 
said board where light from said tight source reach- 
es. 

12. An illumination device according to either Claim 10 
is or Claim 11 , wherein said material which does not 

readily reflect light is provided over a wider range 
than the optica! directivity range of said light source. 

13. An illumination device according to any of Claim 9 
20 through Claim 12, wherein a light reflective area is 

provided on the surface of said board where said 
light source is provided, at the surrounding area of 
said optical area. 

25 14. An illumination device according to Claim 13, 
wherein said light reflective area is formed as a 
white color area. 

15. An illumination device according to any of Claim 10 
so through Claim 14, wherein said material which does 
not readily reflect light comprises light absorbing 
material, light diffusing material, or light transmitting 
-material. 

35 16. An illumination device according to any of Claim 1 0 
through Claim 14, wherein said material which does 
not readily reflect light comprises black or gray 
colored printing. 

to 17. An illumination device according to any of Claim 1 
through Claim 16, wherein said light source com- 
prises a blue LED and YAG fluorescent substance 
provided around said blue LED. 

45 18. A liquid crystal device, comprising: 

an illumination device which generates light in 
a planar manner; and 

a liquid crystal panel provided facing the light 
50 emitting face of said illumination device, 

wherein said illumination device is configured 
of the illumination device according to Claim 1 
through Claim 17. 

55 

19. An electronic apparatus, comprising: 

a liquid crystal device comprising a liquid crys- 
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tal layer; 

a housing for storing said liquid crystal device; 
and 

a control means for controlling the operations 
of said liquid crystal device, 5 

wherein said liquid crystal device is config- 
ured of the liquid crystal device according to Claim 
18. 
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